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ABSTRACT 
Graphical a n d  tnbul;w tl;tt,:r on the freqwucy of frontal ~ m s n g e s  a t  Ocean Station Vessels  on the  North  Atlantic 

are compiled from historical wexther tl~aps for  the  years 1945-57. The  stabilizing  influence of the Gulf Stream 
is shown by the ra1)id  modificatiorl of air  temperature  at  all  stations  and by the  rapitl  transition of frontal 
systems.  The  greatest freqnency of fronts  is found at the line of initial  contact of cooler air   with  that  associated 
with  the Gulf Stream in the  westernulost  region of the  ocean. 

The  value of the  historical sea level synoptic wetither I I I ~ I ~ R  as a (lata source  for  the  climatological  study of 
atmospheric  luotion systems is  euiplwsized. 

1. INTRODUCTION 

The  air  mass  t,heory of modern  meterology was offered 
by Bjerknes [I] in 1919. Bjerknes’s concept,, thougl~ 
modified  over the  years,  continnes as a basic approach  to 
the  analysis of daily  surface or “sea level”  synoptic 
weather  maps [ 7 ] .  The  boundaries or leading  edges of 
air masses, generally l i n o ~ v n  as “front~s,” are  regularly  en- 
tered on surface  weather  maps. Because fronts  often pro- 
duce  notable  weather chnngw as  they  pass  by an individual 
location,  the  pmt,  present? :md :mticipated  positiolls  of 
fronts  bear  heavily on tlw daily weather  forecast. 

Fronts,  air masses, :mcl other  dynamic fe:ttures of the 
general  circulation,  presently  indispensable to daily 
weather  map  analysis  and  forewstinp,  are also useful in 
explaining  climate in qualitative  ternls.  These  feat,ures 
are not, homever, so :tnlenable to  statistical  analysis of 
climate. Air masses p:~rticul:wly  are  subject to labeling 
that differs  among analysts. Likewise the placenlent of 
front,s on a weather  map is subject,  to  individual  interpre- 
tation. As a result,  there  have bee11 hut few  efforts to 
analyze  these  features  systematically as climatic  elements. 
However, the  careful  preparation of an historical  series of 
daily  weather  maps offers R far  greater  potential for con- 
sistency  and  continuity  than  those  prepared 011 an  opera- 
tional basis. 

The  program  for  preparing  the  first  series of suc.11 n~aps 
during World War  T I  [ll] :UKI some of their  derivatives 
(many  still  unpublished) was reported by Wexler  and 
Tepper [16]. During  the war, as  the  first 10 years of the 
series became available (1929-:38), :t great many statistics 
on fronts, cyclones, anticyclones,  deepening and filliltp 
and tracks of Lows? etc. [e, &lR, 14, 151 were conlpilecl. A 

F ~ a c r m  1.-Presently assigned  Ocean  Station Vessel  positions in 
the  North  Atlantic,  with  position  center  point  circumscribed by 
“on-station” limits. These  are  the  areas  used  in  tabulating  fron- 
t,al passages. 
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FIGURE 2.-Total frequency of major  frontal passages at North 
Atlantic  Ocean  Station  Vessels  for the period  October  194.5June 
1957. Stations are arranged  to  show  the  latitudinal  progression 
of fronts as well as areas of maximum  and  minimum  frequency. 

summary of some of these  data  was  later  published [12] 
by the U.S. Navy  under whose sponsorship  the  work of 
compilation had been done. Other  examples of the  utility 
of such  maps  are  the  work of Gregor  and  Krivsky [4] 
and  Klein [ 51. 

The  purpose of  t.11is paper is to  present a sulnnlary of 
frontal  systems  from  the sea level charts of the  more recent 
years in  the  map series [9, 101 for  a  portion of the  North 
Atlantic  Ocean  frequently  traversed by both  ships  and 
aircraft. 

2. DATA 

Eleven  years  and  nine  months  (October 1945 through 
June 1957) of sea level maps  are used as source  material 
[6]. These  maps  are  published  for  the 1230 GMT surface 
synoptic  observations ; i.e., a t  24-hour  intervals.  Gen- 
erally  only  major  fronts  are  drawn  on t,he maps. For  the 
most part  minor  fronts  do  not  appear unless uniquely  sig- 
nificant.  Beyond the scope of analysis  in  the  historical 

TAHLE l.-.lfon,tkZ~J frequency of frontul  passages ut Ocean Station 
Vcs.sds b y  f ronta l   t ype ,   for  tlle period  Ocfober 1945-June 1957 

Cold Fronts 

.4...-... 

80 70 69 78 75 49 62 69 68 48 64 81 K-.-... 
74 55 57 48 50 47 48 46 fi0 47 47 69 J -  ~ ~ ~ ~ . .  
33 40 40 26 16 21 21 33 38 43 28 46 I"-.-.. 
88 64 68 41 18 14 32 64 72 111 88 94 E.--...- 
93 62 68 86 76 66 82 79 84 71 72 80 IX -.... 
48 46 48  45 35 56 33 33 43 32 36 48 C. - . - . . -  
16 14 25 28 19 27 16 18 15 17 18 17 B-."... 
13 22 16 18 11 12 8 14 16 23 16 28 

"" "_ 

R.I---... 28 21 30 23 17 14 17 22 34 48 19 27 
__________---___- 

I" 

;; '4 
35  45 
20 19 

42 40 
19 27 

33 24 
29 32 

11 32 

39 
35 
57 
42 
10 
47 
51 

47 
21 

- 

33 
51 

59 
51 
5 

45 
51 

36 
48 
- 

Warm  Fronts 

12 4 
6 7  

31 14 

31 18 
60 51 

22  22 
37 26 
20 23 
21 13 

10 30 
5 10 

28 50 
54 45 
15 4 

36 36 
10  19 

23 12 
10 5 

6 15 
9 19 

28 24 
57 50 

10 18 
4 9  

33 27 
42  29 
i 16 

9 
11 

35 
23 

26 
27 
23 
21 
24 

47 
45 
61 
31 

61 
8 

52 
18 
76 

3 4  

3 3  
4 1  

7 11 
7 7  

; ;  
4 4  
4 3  

55 
42 
65 

43 
3 

48 

37 
23 

40 

38 
48 
58 
16 
1 

62 
53 
23 
34 

31 

5 
0 

55 
45 
14 
45 

45 
53 
55 
5 
0 

46 
50 

11 
33 

32 60 
55 69 
49 70 
15 29 

47 72 
0 1  

52 54 
18 20 
49 68 

______" I , / ,  

Stationary  Fronts 

___ 
17 10 

34 33 
10 13 

33 55 
30 32 
26 34 
32 43 
26 24 
19 20 

45 
61 
58 
33 

48 
4 

54 
25 
56 

0 3  
2 2  
0 0  
2 8  

10 7 
3 4  
4 3  
2 5  
2 5  

___ 
1 
4 
2 
9 
1 
1 
4 
3 
0 

5 
3 
3 
8 

10 
2 
2 
3 
4 

2 2  
3 2  

10 3 
6 2  

12 9 
3 1  

6 4  
5 5  

3 1  

64 
44 
75 

78 
9 

66 
27 
74 

38 

series :we occasional redevelopnwnts or frontolyses which 
take  place  within  the 24 hours.  Nerertheless  the consist- 
ency that is maintained in this  historical series of  mslps 
permits  relatively  systematic  clilnatological  treatment. 
Reference  points  for  compiling  the  frontal frequencies 
discussed here  are those locations  presently  assigned  in  the 
North  Atlantic  Ocean  Station  Network (see fig. l), al- 
tllougll vessels have not been located at  these  exact posi- 
tions  all  through  the  period used. By  the use of plastic 
masks,  upon  which  the  Ocean Station Vessel  positions  and 
"on-station  squares"  were  printed  in  the  correct scale, the 
fronts could be followed  from  day  to  day  through  the  sta- 
tion  squares.  Checks TTere employed to  guard  against  tab- 
ulating  errors. 

The  following  front'al  types  were  considered: cold, 
w-xrn~, occluded, and  stationary.  An  attempt  to  discrim- 
inate  between cold and  warm occlusions  was abandoned 
because of the  relative  paucity of ship's  observations. 
Data  for  stationary  fronts  are  not  presented  separately, 
buc are  included  in  the  graphs  for  all  fronts  combined. 

Type of front  and  date of frontal  passage  at  each  Ocean 
Station Vessel position were recorded  along  with  the 
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FIGUHE 3.-Comparison of frequency of frontal  passages a t  North  Atlantic: Ocean Station  Vessels  located  in the same  latitudinal zone 
for  the  period  October  194.5June 1957. 

affected  station's  temperature,  dew  point,  pressure,  and 
wind for  the day before, the  day  of,  and  the  day  following 
frontal passage. Summaries of the data are  presented  in  Outbreaks of cold air nlove farthest south behind cold 
tables 1-2 and  figures 2-7. Actual frequencies rather fronts  in  the wester111nost region of the m a n  area.  Gen- 
than  percentage  frequencies  are S ~ O W ~  s~ that  cont.rasts  erally upoll reaching  the  vicinity of the Gulf  Stream  the 
between  locations  may be more  sharply  delineated.  sout,hward  movement is arrested.  The  predominant 

During the period Of years months, there Were TARLE 3.-Extreme  frequencies of frolztal  passages bg station and 
12,295 maiomr frontal passages at the Ocean Station Vessel tflpe f o r  t7w period  October  1945-June 1957 

3. FREQUENCY BY STATION 

positions in the North Atlantic, or an  average of 116.3 = 
~ Highest frequency 

Type _________- 

Frequenc. Month 

Cold. ........ January ........... 28 
Warm ........ 

64 December-_-. ..... Occluded ..... 
November- ....... 17 

 cold^- ....... September ........ 28 
Warm..--. ... July ............... 30 
Occluded ..... October-. ......... 69 

Cold. ........ July ............... 56 
Warm ........ July .............. 50 
Occluded.-.- . December-.. ...... 75 

Cold ......... December ......... 93 
Warm- ....... April .............. 60 
Occluded ..... March.. .......... 51 

_____ 

- ___ 

"___ -__ ___" 

Lowest frequency passages  per  station  per  year. Statio 

Month Frequency 

June- ............. 8 
May .............. 

31 July ............... 
4 

November.. ...... 14 
April .............. 6 
March ............ 33 

March ............ 32 
May .............. 14 
July ............... 38 

Xovember-. ...... 62 
November.-. ..... 33 
July, August ...... 5 

July. .............. 
July, .4ugust--.... 

14 
4 

July, August, Sep- 0 

_ _ _ _  

tember. 

TABLE 2.--Vonthly  total  frequencu  and  average  frequcnc?l of frontnl  

1945-June 1957 . passages  (all  tgpes)  by  station and motzth for the period October 
A 

n 

C 

A  Total-" ........ 94 75 91 
Average ......... i 8 i 6 i 8 n 

__ 

E 

B Total ........... 71 65 61 
Average ......... 6  5  5 

C  Total" .".. ~ ~ . .  160 120 113 
-4verage ......... 13 10 9 

___  - 1 -  ~~ - 

......... ............ 
Warm 

10 
42 

January,  Fehru-  Occluded--. 

111 Cold 1 March 
February.. 

Cold" ....... January ........... 46 
Warm ........ necemher.. ....... 34 
Occluded.-..- January, Decem- 78 

Cold- ........ December ......... 74 
Warm ........ January ........... 47 

........ ....... 

- 
ary. 
" 

- 
her. 

___"p 
___ 

Occluded ..... 51 January ........... 

Cold. ........ January..- ........ 

36 March. ........... Occluded ..... 
44 January.. ......... Warm.. ...... 
81 

Cold- ........ March. ........... 48 
Warm. ....... March.. .......... 32 
Occluded ..... 76 April .............. 

_ ~ _ _ _ _ _ " _ _ _  

I 1 2 /  9~ 1 3 1  1 1 ~  11, 12 i  13 
138 112 120  146 119 121 ~ 147 140 158 

I 
.4ugust ............ 
June, August ...... 
May. ............. 

.... " .... - 
I Total ............ 158  99  125 123 101 97 96 77 93 

Average ......... 13 8 10 10 8 Y 9 7 9 

J Total ............ 

10 8 10 8 6 
6 , 6 6 11 11 i 10 Avelage-.- ...... 

123  97 125 92 81 64 66 74 134 132 79 115 M Total .-.-.. ~..-~. 

11 10 10 12 12 7  9 10 9 9 10 14 Average ......... 
137 125 116 128 129 78  113 117 110 112  122 1 6 6  K Total ............ 

15 12 12 12 12 12 12 10 13 11  11 16 Average 
184  146 139 129 131 132 140  124 151 131 129  189 

_"_ "" ___  
......... - 

J 
May .............. 46 
October ........... 
March,  July-..-.. 

23 
45 

K 
March.. .......... 48 
July ............... 
August ............ - 1 -  

M 
July ............... 14 
July ............... 
.4ugust............ ! - I I 
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TABLE 4,"Frequencg of intet-vaZs between frontal passages for the 
period October 19/t5dzilze 1.957 

Ocean station vessels 

pxrison to other  types.  These  features  are  also reflected 
in tlle extreme  frequencies  (table 3 ) .  

Table 4 gives  the  frequency of intervals between frontal 
passages. Tlle longest  period on any  station without a 
major  frontd passage occurred  on  Station "E". On June 
20, 1951, a cold front passed the station. The Bermuda 
High blocked any  further  southward movement of  fronts 
in  the  vicinity of this  station  until  September 3, 75 days 
later,  when  anotller cold front finally  passed the station. 
Station '.I)'' has  the most rapid exchange of air masses. 
Intervals of from less than 1 day  to 2 days  betveen frontal 
passages are con1mon. 

4. FREQUENCY BY YEAR AND SEASON 

Tlle year of highest  frequency of frontal passages was 
1953 wit11 :I total of 1,213 fronts.  The lowest frequency 
occurred in 1947 with 845. The season sllowing  the great- 
est frequency TWS October, Novenlber, and December for 
all  years  studietl except 1946,1949, and 1950 when January, 
Febrn:lry,  and ;21:lrch displayed  the  highest frequency, 
,Jtmuary sho\red the  greatest  frequency of any  single month 
:tnd ,Jnly the least.  Most  cold and  warm  frontal passages 
occarrecl in ,January and  most occluded frontal passages 
in 1)ecember. The  least  number of cold and  warm fronts 
occurred in  the nlontll of May,  while July  proved  to be  the 
nlontll of fewest occlusions. 

Figure 3 conlp:~res stations at, approxirnately tlle same 
latitude i l l  the  eastern and western  regions of the Atlantic. 
The modifying effects of the warm and cold stream circu- 
lations  on tlle overlying  air  are  easily seen. Stations "D" 
a 1 1 d  "I<" sllon- the  greatest,  contrast  in  warm  frontal pas- 
sages. station "IC' the  Gulf  Stream  has become so dif- 
fused :lnd mixed  in  its  path  across  the  Atlant,ic that it has 
now lost most of its  identifying  characteristics  and  is itself 
heginning  its  sontllward flow along  with  the cold air on the 
eastern  part of the  Iltlantic.  A  sharp  contrast  in frequen- 
cies of frontal passages at high  and low lat,itude stations 
is sllo~vn i n  figures 4 :mcl 5. These  graphs show the  transi- 
tion of frontal  systems  due  to  the effects of the Gulf 
Stre:un.  Moving  northward a great deal of tlle modified 
:lir is caught  in  the flow around  the  Icelandic Low. 
Ai frequency  distribution of tEle temperature differences 

of the clay before  the  frontal  passage  and  the  day following 
for a strmple of 6,820 fronts on all  st,ations  as computed 
(fig. 6) .  Temperature  data  for cold, warm, occluded, and 
stationary  fronts were combined for  this  study.  Tempera- 
ture of tlle air was rnodified so rapidly t>lla.t  t.lle mean 48- 
hoar  temperature  change mas near zero. I n  other words, 
on  the  average  the  temperxture  at 1230 GAIT the day follow- 
ing the frontal  passage  had  returned  to  about  the same 
n l n e  as that of the  day  before  the  frontal passage. (In 
contrast,  at  land  stations the day following  a  frontal pass- 
age  usually  provides  extreme  temperatures.)  The  stand- 
ard  deviation of the  distribution  is 4.6'F. and out of the 
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~"IGURE 4.-Comparison of frequency of frontal  passages at western- 
most  North  Atlantic  Ocean  Station Vessels a t  high  and low lati- 
tude  for  the  period October 1R4&JlIne 195i. 

sample of  6,820 frontal occurrenc,es 6,049  of the 48-hour 
temperature  changes  fall  within one standard  deviation 
from  the mean  and 6,422 within t,wo standard devi a t '  ions. 
This  indicates the effectiveness of the  heat  storage  in  the 
oceans in  contrast  to sha l lo \~  heating  and  quick loss of heat 
by  land masses. The same  general  results  would be ob- 
tained  with  any  single  frontal  type.  Figure 7 gives :% 

comparison of Stations "A" on  the  east of the  southern  tip 
of Greenland  and "B" on the west against the most  sout>h- 
ern  station, "E". Hot11  of the  northern  stations, even 
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FIGURE 8.-Comparison of frequency of frontal  passages at eastern- 
most North  Atlantic  Ocean  Station  Vessels at high  and low lati- 
tude  for  the  period  October 1945-June 1057. 

though  situated  in  the  Labrador  Current,  demonstrate the 
profound and far-reaching influence of the  Gulf  Stream. 

5. CONCLUDING REMARKS 
This  paper  has  presented a few  basic  statistics  on  frontal 

passages Over an ocean area  frequently  traversed by both 
ships  and  aircraft,.  The  da.ta were  compiled  from  synop- 
tic  weather maps, which are used rather  infrequently  as a 
source for climatological  summarization. 

This effort  has  demonstrated  the  degree of facility  with 
which  historical sea level synoptic  maps  may b'e  used to 
determine  a  preliminary  climatology of well-known 
fentures of atmospheric  motion  systems. It is hoped tha.t 
it will  direct some further  thinking  toward  a usefu.1 clima- 
tology of dynamic  systems  in  the  general  circulation. 
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The  following  infornlation is presented by chart for the 
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